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J£ (54) Title: AQUEOUS PRESERVATIVE 

^ (57) Abstract: The present invention relates to an aqueous preservative/acid ifier for ensiling of grass and other agricultural crops, 
^ comprising 50 - 85 weight % formic acid or formate salts or mixtures of formic acid and formate salts and 0.5-10 weight % lactose 
^ and/or lactose derivatives. The preservative preferably comprises 1 - 3 weight % lactose. The lactose may be derived from whey or 
O lactose permeate, preferably after drying of same to a typical content of 20 - 25 % lactose. The preservative may comprise galactose, 
J~ which is derived from lactose, instead of or in addition to lactose. The formate salts comprise ammonium- and/or potassium- and/or 

sodium ions. The preservative may comprise 3-10 weight % ammonia, and may also comprise 0.5-5 weight % glycerol, preferably 
Q 0.75 - 1.5 weight % glycerol. The preservative may also comprise 1 - 3 weight % benzoic acid and/or 5 - 20 weight % propionic 

acid. Most preferred, the preservative comprises 70 - 80 weight % formic acid, 6 - 7 weight % ammonia, 1 - 2 weight % potassium, 
^ 0.75 - 1.5 weight % glycerol and 1.5 - 2.5 weight % lactose. 
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5 Aqueous preservative 

The present invention relates to an aqueous preservative/acidifier for ensiling of grass 
and other agricultural crops comprising formic acid or formate salts or mixtures of 
formic acid and formate salts and lactose and/or lactose derivatives. 

10 

Preserving grass or other crops as silage in anaerobic conditions has been common 
practice for many years. A rapid drop in pH is important to inhibit plant respiration, 
enzymatic protein breakdown and development of undesired bacteria such as 
enterobacteria and Clostridia. The only desired process is lactic acid fermentation, which 

15 stabilises silage at a low pH (approx. 4). High moisture silage should have a final pH 
below 4.2 to be stable against butyric acid fermentation. Using a common dosage (3-5 
litres/ton) of formic acid-based silage additives gives an immediate drop in pH from 
approx. 6 to approx. 4.5. This is normally enough to knock out enterobacteria and to 
inhibit Clostridia from developing until pH drops further as a consequence of lactic acid 

20 fermentation. Unfortunately, formic acid-based additives also tend to inhibit and delay 
the development of lactic acid bacteria (LAB). Literature has reported that certain 
dosages of acid silage additives may cause problems (Chamberlain, D.G. & Quig, J. 
1987. Journal of the Science of Food and Agriculture, 38, 217-228). In these cases, the 
dosage has been too low to completely stop enterobacteria and Clostridia but still high 

25 enough to restrict lactic acid bacteria from an efficient fermentation. This problem can 
often occur in practical farming because farmers typically want to save costs and use 
lower application rates than recommended. 

GB 2 095 534 describes a composition for preserving green fodder which preferably 
30 contains 40 - 98 weight % of a component which increases the H* ion concentration in 
the fodder, e.g. a mineral acid, formic acid or a combination of a formate salt and a 
phosphorous compound and 2-60 weight % of benzoic acid or a salt or derivative of 
benzoic acid. The composition may also contain other additives, such as sugars or 
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sugar-containing substances, lactic acid bacteria, enzymes that break down cellulose 
and starch, and agents that control the solubility of the proteins of the fodder. The 
amount of sugar required to stimulate lactic acid bacteria is not assessed and it is not 
mentioned anything of which type of sugar that would be able to specifically stimulate 
5 LAB. 

WO 00/08929 relates to aqueous preservatives, containing ammonium tetraformate or 
any other combination of formic acid and ammonia, for grass and other agricultural 
crops, fish and fish products and meat products, having reduced corrosiveness and 
10 irritation to skin, comprising 0.5 - 5 weight % glycerol. Preferably the content of 
glycerol is 0.75 - 1.5 weight %. The preservative may further contain at least one metal 
corrosion inhibitor and/or antioxidant. No ingredient which can stimulate the growth of 
lactic acid bacteria is present. 

15 GB 2 159 387 relates to an additive composition suitable for use in the preservation of 
silage comprising a source of nitrite (such as sodium nitrite) and a source of lactose 
(such as whey) and, preferably, magnesite, a source of trace elements, sodium chloride, 
cereal meal and a synthetic flow aid. The additive composition may be added to green 
fodder such as grass, lucerne and/or clover. Because of many disadvantages related to 

20 the use of nitrite, it is generally desirable to choose other compounds in preservative 
agents. 

The main object of the present invention was to provide a product for the ensiling of 
grass and other agricultural crops which would restrict undesired microbes and at the 
25 same time allow the epiphytic lactic acid bacteria (LAB) that is already present on the 
crop (epiphytic flora) to grow. 

It was a further object to still keep the efficacy as an acid silage agent, the good 
handling properties of the acid/salt mixtures (non-corrosive to skin) and the low 
30 corrosivity to steel. 

These and other objects of the invention are obtained by the product as described below. 
The invention is further defined and characterized by the patent claims. 
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The invention as claimed solves the problem of undesired bacteria growth in silage and 
stimulates the desired process of lactic acid fermentation. The pH is kept in a preferred 
range during the preservation. 

5 

It was found that adding small amounts of lactose or lactose derivatives to a 
preservative comprising formic acid or formate salts or mixtures of formic acid and 
formate salts would be favourable. At a dosage of 2 - 6 litres per ton the preservative 
would restrict undesired microbes and stimulate the growth of epiphytic lactic acid 
10 bacteria during ensilage of agricultural crops. 

A small amount of lactose from lactose permeate or whey was added because this sugar 
was believed to be more easily fermented by LAB than by other organisms. Especially 
the galactose part of lactose is specifically a substrate for lactic acid bacteria. Using for 

15 example glucose or sucrose could as well encourage growth of yeast in the silage and 
not necessarily stimulate LAB. The hypothesis was further that adding lactose at the 
same time and place as the acid, would help the LAB exactly where it was needed. 
Adding extra sugar to LAB when they are in acid stress, gives them energy to pump out 
H* ions and keep internal pH stable. It was surprising, though, that such a low dosage of 

20 lactose (1 - 3 weight % of the additive) was enough to give a significantly quicker drop 
in pH. 

The idea of using lactose from lactose permeate or whey is an additional advantage. 

Whey and whey residues are available in big volumes at a low price. Further, the dairies 
25 have problems finding good use for it, and some is disposed with potential 

environmental affects. To get a convenient lactose product, drying lactose permeate to 

approx. 20 - 25 % dry matter is preferable. At this concentration lactose is well 

dissolved without crystals, but still it is concentrated to keep transport costs down. 

Lactose powder (dry) would also be convenient, but then drying costs would add 
30 significantly to the product price. Galactose, which is derived from lactose, could be 

used instead of or in addition to lactose. 
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The formate salts should comprise ammonium ions and/or potassium ions and/or 
sodium ions. A suitable range for potassium would be 1 - 6 weight % and for sodium 1 

- 10 weight %. The preservative could also comprise 3-10 weight % ammonia. 
Glycerol can be added in amounts of 0.5 - 5 weight %, preferably 0.75 - 1.5 weight %. 

5 If the preservative mainly comprises formic acid, it could be necessary to add a 
corrosion inhibitor. For some applications it could be desirable that the preservative 
comprises organic acids such as benzoic acid and/or propionic acid. The amounts of 
benzoic acid and propionic acid would be in the range of 1 - 3 weight % and 5-20 
weight %, respectively. 

10 

To improve the technical properties of the preservative it could be convenient to add 
colorants and ami foaming agents. Colorants may preferably be present in amounts of 0 

- 0.1 weight %, and anti foaming agents may preferably be present in amounts of 0 - 
0.05 weight %. An anti foaming agent is often used if a corrosion inhibitor is added to 

15 the preservative, since corrosion inhibitors sometimes cause foaming in the 
preservative. 

The aqueous preservative/acidifier according to the invention comprises 50-85 % 
formic acid or formate salts or mixtures of formic acid and formic salts and 0.5 - 10 

20 weight % lactose and/or lactose derivatives. Preferably, the aqueous preservative 
comprises 1-3 weight % lactose and/or lactose derivatives. The lactose may be derived 
from lactose permeate, preferably after drying of same to a typical content of 20 - 25 % 
lactose. The lactose may also be derived from whey. The preservative may comprise 
galactose, which is derived from lactose, instead of or in addition to lactose. The 

25 formate salts may comprise ammonium ions and/or potassium ions and/or sodium ions. 
The preservative may comprise 3-10 weight % ammonia. The preservative may also 
comprise 0.5 - 5 weight % glycerol, preferably 0.75 - 1.5 weight % glycerol. 1 - 3 
weight % benzoic acid and/or 5-20 weight % propionic acid may also be added to the 
preservative. Most preferred, the preservative comprises 70 - 80 weight % formic acid, 

30 6 - 7 weight % ammonia, 1-2 weight % potassium, 0.75 - 1.5 weight % glycerol and 
1.5 - 2.5 weight % lactose. 

The invention is further explained and envisaged in the following example and figures. 
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Fig. 1 shows the pH-development when additives were applied at 3 litres/ton. 
Fig. 2 shows the pH-development when additives were applied at 4 litres/ton. 

5 

Example 

Grass was harvested in the southeast of Norway, spring 2002 in good weather. The 
sward cut at a leafy stage of growth comprised mainly timothy, meadow fescue and red 

10 clover. The grass was direct cut using a precision chop harvester (dry matter content 
165 g/kg). Equal portions of grass were weighed out and kept on a plastic sheet. Silage 
additives were applied using a pipette and the grass was thoroughly mixed by hand prior 
to ensiling in jar-silos. Jars were kept at approx. 18 - 20 °C during fermentation. Six 
replicate jars were prepared for each additive and application rate, and two jars were 

15 opened for analysis after 1 week, 3 weeks and 6 weeks of fermentation. 

Silage samples were analysed according to common procedures to determine dry matter 
content, pH, nitrogen, ammonia-N and organic acids, as described by I. Selmer-Olsen, 
1994, Grass and Forage Science 49, 305 - 315. The term ammonia-N as percentage of 
20 total N is commonly used to describe how well grass protein is preserved. The higher 
number, the more grass protein is broken down during fermentation. Some silage 
additives contain ammonia, and to get a fair evaluation of protein breakdown, this figure 
is corrected by subtracting the ammonia-N from the additive. 

25 Chemical composition of the additives and silage fermentation characteristics are given 
in Tables 1 and 2. 

Table 1 shows silage additives and silage characteristics after 1, 3 and 6 weeks of 
fermentation. The application rate was 3 litres/ton. 

30 

Table 2 shows silage additives and silage characteristics after 1, 3 and 6 weeks of 
fermentation. The application rate was 4 litres/ton. 
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In both Tables, treatment 1 (untreated) and 2 (plain formic acid) were included as 
control treatments. Treatments 3 and 4 were included to assess the effect of formic 
acid/formate mixtures, which are easier to handle. It has been found that using a mixture 
5 of formic acid, ammonium formate and potassium- or sodium formate makes the 
additive less irritating to skin as compared to only formic acid/ammonium formate 
mixtures (reference is made to WO 01/19207 Al). Also glycerol has a positive effect on 
skin reactions (reference is made to WO 00/08929). However, significant differences 
between treatments 3 and 4 as far as pH and fermentation products were concerned 
10 could not be observed. It can therefore be ruled out that potassium and glycerol in the 
additive would be sufficient to stimulate lactic acid fermentation in the early phases of 
ensilage. 

In Table 1, where additives were applied at 3 litres/ton (3 ml/kg), treatment 5 had 
15 significantly lower pH than the other treatments both at 1 week and at 3 weeks 
fermentation. The lower pH was related to increased contents of both lactic acid and 
acetic acid in the silage. The slightly lower doses of formic acid applied with treatment 
5 compared with treatments 2, 3 and 4 could not explain why lactic acid fermentation 
was so much stimulated in the early phases. There was obviously an effect of including 
20 lactose in the additive. The pH-development when additives were applied at 3 litres/ton 
is illustrated in Fig. 1. 
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In Table 2 the additives were applied at 4 litres/ton (4 ml/kg). It was observed very little 
fermentation products at week 1 due to the higher rate of formic acid/formate salts. In 
some cases low pH at week 1 was due to the acid applied with the additive (treatment 
5 2). Treatment 5 with 2 % lactose in the additive gave more lactic acid and lower pH 
than the other acid treatments at week 1. After 6 weeks this treatment was the only one 
able to give silage totally free of butyric acid. The NH 3 - N % of total N indicated also 
well-preserved silage with only little protein breakdown. Fig. 2 shows the pH- 
development when additives were applied at 4 litres/ton. 

10 

Even small amounts of lactose in an ammonium tetraformate (ATF) -based silage 
additive can at certain application rates speed up fermentation and bring pH down more 
quickly. In turn this will give less time for protein breakdown (ammonia-N) and better 
silage quality. By combining the direct acidification of the formic acid-based silage 
15 additive with a lactic acid type of fermentation commencing during the early phases, the 
silage additive will work efficiently under various conditions and application rates. The 
desired composition of the additive would be the one used in treatment 5. 



20 
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Claims 



5 1. Aqueous preservative/acidifier for ensiling of grass and other agricultural crops, 
comprising 50-85 weight % formic acid or formate salts or mixtures of formic 
acid and formate salts, 
characterized in that 

the preservative/acidifier comprises 0.5 - 10 weight % lactose and/or lactose 
10 derivatives. 

2. Aqueous preservative/acidifier according to claim 1, 
characterized in that 

the preservative/acidifier comprises 1 - 3 weight % lactose. 

15 

3. Aqueous preservative/acidifier according to claim 1, 
characterized in that 

the preservative/acidifier comprises lactose, which is derived from lactose 
permeate, preferably after drying of same to a typical content of 20 - 25 % lactose. 

20 

4. Aqueous preservative/acidifier according to claim 1, 
c h a r a c t e r i z e d i n t h a t 

the preservative/acidifier comprises lactose, which is derived from whey. 

25 5. Aqueous preservative/acidifier according to claim 1, 
characterize din that 

the preservative/acidifier comprises galactose, which is derived from lactose, 
instead of or in addition to lactose. 

30 6. Aqueous preservative/acidifier according to claim 1, 
characterizedinthat 

the formate salts comprise ammonium ions and/or potassium ions and/or sodium 
ions. 
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7. Aqueous preservative/acidifier according to claim 1, 
characterized in that 

the preservative comprises 3-10 weight % ammonia. 

5 

8. Aqueous preservative/acidifier according to claim 1 , 
characterized in that 

the preservative comprises 0.5 - 5 weight % glycerol, preferably 0.75 - 1.5 weight 
% glycerol. 

10 

9. Aqueous preservative/acidifier according to claim 1 , 
characterized in that 

the preservative comprises 1-3 weight % benzoic acid and/or 5-20 weight % 
propionic acid. 

15 

10. Aqueous preservative/acidifier according to claim 1, 
characterized in that 

the preservative comprises 70 - 80 weight % formic acid, 6-7 weight % 
ammonia, 1-2 weight % potassium, 0.75 - 1.5 weight % glycerol and 1.5 - 2.5 
20 weight % lactose. 
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